Interaction of fructose 2,6-bisphosphate and AMP with fructose-1,6-bisphosphatase as studied by nuclear magnetic resonance spectroscopy.
The interaction of AMP and fructose 2,6-bisphosphate with rabbit liver fructose-1,6-bisphosphatase has been investigated by proton nuclear magnetic resonance spectroscopy (1H NMR). The temperature dependence of the line widths of the proton resonances of AMP as a function of fructose-1,6-bisphosphatase concentration indicates that the nucleotide C2 proton is in fast exchange on the NMR time scale while the C8 proton is exchange limit. The exchange rate constant, koff, has been calculated for the adenine C8 proton and is 1900 s-1. Binding of fructose 6-phosphate and inorganic phosphate, or the regulatory inhibitor, fructose 2,6-bisphosphate, results in a decrease in the dissociation rate constant for AMP from fructose-1,6-bisphosphatase, as indicated by the sharpened AMP signals. A temperature dependence experiment indicates that the AMP protons are in slow exchange when AMP dissociates from the ternary complex. The rate constant for dissociation of AMP from the enzyme.AMP.fructose 2,6-bisphosphate complex is 70 s-1, 27-fold lower than that of AMP from the binary complex. These results are sufficient to explain the enhanced binding of AMP in the presence of fructose 2,6-bisphosphate and, therefore, the synergistic inhibition of fructose-1,6-bisphosphatase observed with these two regulatory ligands. Binding of fructose 2,6-bisphosphate to the enzyme results in broadening of the ligand proton signals. The effect of AMP on the binding of fructose 2,6-bisphosphate to the enzyme has also been investigated. An additional line width broadening of all the fructose 2,6-bisphosphate protons has been observed in the presence of AMP. The assignment of these signals to the sugar was accomplished by two-dimensional proton-proton correlated spectra (two-dimensional COSY) NMR. From these data, it is concluded that AMP can also affect fructose 2,6-bisphosphate binding to fructose-1,6-bisphosphatase.